A study was carried out on the food of the squid N, gouldi, based on 1277 individuals collected by Japanese vessels jigging in Bass Strait from November 1979 to April 1980. Most of the food consisted of crustaceans, fish and cephalopods, with crustaceans being more common in smaller animals and cephalopods in larger ones. The crustaceans, which included several benthic species, were more common in the diet at night than by day. Cannibalism by N, gouldi did not appear to increase appreciably after the animals were brought aboard and laid together in the collecting troughs. By frequency of occurrence, the contributions to the diet, averaged over all sizes sampled, were fish 37%, crustaceans 36%, and squid 26%; but in terms of biomass fish contributed more. From the size of the beaks of squid taken, it could be shown that the mantle length of these prey was usually not more than half that of the predator. N. gouldi feeds primarily at night, probably moving up from the bottom into the water column. Larger specimens, both male and female, were less likely to contain food in the stomach than smaller ones, and possible explanations are considered. There are some indications about the timing of spawning in 1979-1980, from records of the size and sexual maturation of the animals sampled.
Introduction
In recent years, there has been increased interest in the biology of pelagic cephalopods of the family Ommastrephidae, largely because of their new importance as human food (Arnold 1979) . Much of this work has focused on Todarodes pacificus (Steenstrup) of the north-west Pacific and Illex illecebrosus (Le Sueur) of the north-west Atlantic. About 10 years ago, research began on Nototodarus sloani (Gray) of New Zealand waters as it started to be fished by Japanese squid vessels (Saito et al. 1974; Kawakami 1976; Roberts 1978) . Studies of the Australian arrow squid, Nototodarus gouldi (McCoy), have lagged considerably behind but the species is now also beginning to receive attention with the coming of the Japanese squid fishing fleets (Anon. 1978 (Anon. , 1980 Dunning 1983; Harrison 1983; Smith 1983; P. E. Roberts, unpublished data) .
N. gouldi has been fished for many years, although on a very small scale, and the squid was used as bait for commercial and amateur line fishermen and later for the Japanese long-line tuna fishery (Slack 1973) .
The currently known distribution of N. gouldi is from the Great Australian Bight to southern Queensland (Wormuth 1976) . Allan (1945) found rhynocoteuthion larvae characteristic of ommastrephids in shallow water and on the continental shelf off the New South Wales coast and tentatively identified these as N, gouldi. During the summer, N. gouldi is reported to undergo an inshore migration (Wolfe 1973 ) with large concentrations of squid occurring in the Denvent estuary, Spencer Gulf and Bass Strait (Slack 1973) . Estimates that the potential of the squid resources are substantial led to the establishment of a feasibility study of the squid fishery (Anon. 1978) . 0067-1940/83/02026lSO2.00 Scientific interest in the squid has grown with the expansion of commerical fishing, especially as the squid may be an important part of the food webs of the area, being found in the stomachs of many commerical fish (Cotton 1942; Allan 1945; Winstanley 1978) , as well as mammals and sea birds (Warneke 1976; Clarke 1977; Nelson 1980; Montague, personal communication) . This information has been usefully summarized by Roberts (unpublished data) .
During four summers, 1977-198 1, the Japan Marine Fisheries Resource Centre chartered research vessels to collect information on the distribution, migration and general ecology of N. gouldi off the south-eastem coast of Australia. Some of these data have been analysed by Hamson (1983) to establish the viability of a fishery. Although the Japanese studies of N. gouldi have included some work on the biology of the squid (Anon. 1978 (Anon. , 1980 , there is little detailed analysis of it, either as predator or prey. The purpose of this study was to examine aspects of the diet and feeding of N. gouldi. The effect of time of day, and the influence of squid gender, maturation and body size on feeding were also considered. 
Materials and Methods
Specimens for this project came from the catch of the Japanese squid jigging vessels, which operated in south-eastern Australian waters from November 1979 to April 1980 (see Fig. 1 ). Many of these vessels were accompanied by an observer selected by the Since there seem to be few published accounts of this kind of fishing, the following description is given. In the late afternoon, the squid boat searches for squid concentrations, using an echo-sounder. Once squid are found, a parachute anchor is set and this, in conjunction with a fixed double-mizzen sail, reduces roll and holds the vessel head-to-wind. About half-an-hour before sunset, 30-50 4.5-kW fishing lamps are turned on and remain on during fishing until about half-an-hour after dawn. Along the gunwales ofthe boat, automatic jigging machines are spaced at intervals ofabout 2 m. Each machine consists of two elliptical reels driven by an electric motor, a plastic-coated wire mesh screen and a pair of guide rollers. The screen and guide rollers hang out over the side at about 30" to the horizontal. The lines that are wound on the reels usually carry about 20 jigs (spindle-shaped coloured lures with a double ring of unbarbed hooks) spaced 1 m apart and each ends in a 1-2-kg lead sinker. Under the weight of the sinkers, the lines run out freely to a predetermined depth, usually about 10 m above the sea floor. Then the gears engage and the lines are wound up in a jerking motion caused by the shape of the reels. When the squid attacks a jig, it is caught by the crown of hooks, pulled to the surface and over the guide rollers, and is jerked off the line to fall on to the wire mesh screen. From here, the squid either roll or are placed manually into gutters running along the side of the boat beneath the machines. The squid are then washed into collection bins, sorted into size categories and packed into trays before freezing. Once the line is fully wound in, it runs out again and the whole cycle is repeated.
Squid can also be caught by hand jigging. The hand line with three or four chrome-plated jigs is lowered to the bottom and tugged up and down a metre or so until a squid is felt attacking the jigs. The line is then quickly pulled in by the fisherman and the squid is dropped into the collection gutter.
Samples for this study were collected each month, most squid being caught by the automatic machines. Here a 'sample' means a number of animals, usually 10-25, collected within 1 h of each other. The collection dates are shown in Fig. 1 and the number of squid collected each month in Figs 1 and 5. Except for some of the samples collected in February and all of those collected in March and April, the squid were collected at various times during the night only. In February and March, the samples were collected throughout 24-h periods according to a predetermined schedule to focus sampling effort at times around dusk (1700-2159 h) and dawn (0300-0759 h) when it was thought there might be a change in feeding pattern. During March, the catch rate per machine hour was recorded at selected times during 24 h. The procedure for jigging by day was exactly the same as at night except ihai the fishing iignts were not on.
During examination of the early samples, it was noticed that many of the squid had pieces of flesh missing. To find out whether this was due to cannibalism after capture, special care was taken during February and March to remove the squid and freeze them immediately they were brought aboard.
Time (Australian Eastern Standard Time), water depth (m), location, surface water temperature ("C), weather and catch rates were recorded, and labelled squid samples were packed into trays before being placed in the snap freezer. Freezing at -60°C inhibited further digestion.
For subsequent analysis in the laboratory, the individual blocks of frozen squid were thawed as quickly as possible. Each squid was numbered and the following determined:
(1) Dorsal mantle length (ML). Mantle length was measured to the nearest millimetre from the anterodorsal protruberance of the mantle to the apex of the tail fin. This length is less variable than a measurement of the total length, which is dependent on the degree of stretch of the arms and tentacles. (2) Total body weight (BW). Excess water was drained from the squid for approximately 30 s and the total wet weight determined to the nearest gram on a Mettler PL 1200 electronic balance. (3) Beak. Rostra1 length of the lower beak was measured to the nearest tenth of a millimetre using Vernier callipers (Clarke 1962 ). (4) Sex and maturation. These were recorded by measurement of selected reproductive organs and by scoring on a scale from 1 to 4 using criteria broadly similar to those developed by Mercer (1973) and Amaratunga and Durward (1979) . Females. (a) Maturation index: stage 1 (rmmature), nidamental glands very thin and transparent to translucent (Fig. 2a) ; stage 2 (maturing), nidamental glands still thin but milk-white (Fig. 2b) ; stage 3 (mature), nidamental glands thick and creamy and ovary large (Fig. 2c) ; stage 4 (ready to spawn), ovary full of ripe eggs and nidamental glands large (Fig. 2d) (Fig. 3a) ; stage 3 (mature), seminal vesicle contains spermatophores but penis does not (Fig. 3b) 
ldi:
4 (copulated), very few spermatophores in seminal vesicle and penis but some may be present in mantle cavity (Fig. 3c ). (b) Measurement: in the samples collected in March and April, the total length of the penis, Needham's sac and seminal vesicle was measured to the nearest millimetre. (5) Fullness of digestive tract (gut). Two methods were used: a subjective scoring of the fullness of each of the four parts of the gut, and the weight of the whole tract, including any food it contained. It was not possible to weigh the contents separately, so the whole digestive tract (buccal mass, beak, oesophagus, stomach, caecum and rectum) was removed and weighed to the nearest 0 . 1 g on a Mettler balance. The gut weight expressed as a percentage of total body weight was taken to be the standard measurement of fullness, though it was not very satisfactory (see Results). Initially, the whole gut was then preserved in 10% formalin but when it was found that this method dissolved fish otoliths the rest of the samples were preserved in 70% ethanol. The stomach and caecum were later dissected and a fullness index recorded using criteria comparable with those developed by Amaratunga and Durward (1979) : 0 (empty), 1 (food present but stomach or caecum less than one-quarter full), 2 (one-quarter to half full), 3 (greater than half full but not distended), 4 (distended). Even when empty, the caecum never becomes so shrunken relative to its size as the stomach, but as it fills a pouch extending posteriorly becomes more pronounced (Fig. 4) . The presence of food particles in the oesophagus and rectum were recorded as 0 (nil), 1 (less than half full) and 2 (half full or greater). Any mucus or digestive fluid that was present was ignored in the determination of these fullness indices. Analysis of gut contents. Identifiable food was present mainly in the stomach and rectum, and, less commonly, in the caecum. The prey items were sorted and identified using a dissecting microscope. Any distinguishable food pieces (i.e. scales, otoliths, beaks, sucker rings, crustacean bodies, etc.) were separated from the gut and kept for further identification. A single animal might contain more than one soecies of food. The food items were identified to the lowest taxonomid level possible (see Acknowledgments). To estimate the amount of the different species in the food of the squid, the frequency of occurrence (Windell 1971) was calculated, i.e. the number of squid in which a particular food item occurred, divided by the total number of squid examined. This measure is affected by the number of animals with empty guts or unidentified food. The percentage occurrence of different food types, summed across the food types, will not usually total 100% because some stomachs are empty and others contain two or more food types. For some purposes it was convenient to use a measure that summed across food types to 100°/o. This was called the 'percentage in the diet' and calculated for each taxon:
100XL/% where f;, f;, f, etc. are the frequency of occurrence of taxa 1, 2, 3 etc. Thus, if fish, Crustacea and squid have a frequency of occurrence of 70, 30 and 20%, respectively, in one month, the percent in the diet of fish is calculated as 70/(70+30+20) as a percent, namely 58%.
Scales and otoliths were used in the identification of the fish species. Reference specimens of each were taken from identified fish and compared with the scales and otoliths found in the digestive tracts of squid. Fish identified in this way were Sardinops neopilchardus (Steindachner), Hemiramphus tnelanochir Cuvier & Valenciennes, Leionura atun (Euphrasen), Atherinason dannevigi (McCulloch) and Scornber australasicus Cuvier & Valenciennes. Unidentified fish species named by otoliths (OA, OB, etc.) could in some cases be the same as the unidentified fish species named by scales (SA, SB, etc.).
The chitinous beaks of squid resist digestion and often permit identification to family level (Clarke 1962) . As a guide to the size of the prey taken, squid beaks found in the digestive tracts were measured where possible (rostra1 length of the lower beak) as they predict mantle length (see below). 
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Results
Mantle Length, Body Weight and Beak Size
The dorsal mantle length of the squid ranged from 78 to 401 mm. The percentage frequency of the males and females in 20-mm size classes is shown in Fig. 5 . In all months except January and April, the mean mantle length in each 24-h sample of females was significantly longer than that of the males (Table 1) . The maximum for the females was 401 mm, for the males 338 mm. monthly differences in slope (P<O. 01 for 88, P<O. 025 for 22) but the variation did not show any consistent pattern for both sexes. For comparison with other studies, the average regression, pooling the months, gives for males: k (s.e.) = 3.099 (0.022), a = 1 ,60x 10-j; for females: k= 3.079 (0.021), a = 1 .87X10-5. Fig. 7 shows that the relation between beak and mantle length fits a linear regression and is close to a simple proportional relation. Mantle length (mrn)
Maturation
As described earlier, the sex-gland length was measured in all 6 months for the females but only in March and April for the males. The maturation index was scored for both sexes in all months. There was a strong correlation between the measurement and the index for both sexes in all months (P<O. 01). In the females it ranged from 0.84 to 0.97 over the 6 months; in the males, for which data were available for March and April only, it was 0.93 and 0.90, respectively.
Generally, the squid mature as they become larger. Table 2 shows that males matured at a smaller size (ML-220 mm) compared with the females (ML-300 mm). For animals over these sizes, the proportion in the top categories of maturity did not change greatly with month (Table 3) . In other words, whatever the time of year, at least in the period November to April, large animals were equally likely to be reproductively mature. 
Copulation (transfer of spermatophores to the female) takes place in some ommastrephid squids some weeks before the females are mature and ready to spawn (Hamabe and Shimizu 1966) . If this also applies to N. gouldi, then the spawning season(s) is presumably best indicated by the timejs) when iarge and mature females are most numerous in the population. For our data for 1979 ), this suggests December and January.
Feeding
Regurgitation or egestion of food or waste matter has been observed in fish during the stress of capture but neither was observed during the collection of squid for this study. The number of squid examined was 1277, of which 912 (71.4%) had something other than mucus in the gut and were called 'feeding animals'. In 105 of these, none of the food was identifiable (Table 4) .
Forty-seven different prey categories were recorded from the squid digestive tract, of which 16 were identified to generic or specific level (Table 5 ). The major food categories were cephalopods, crustaceans and fish; a small number of gastropods (heteropods) and insects were also recorded (Table 4) . Overall, crustaceans and fish were the most frequent prey items found, with cephalopods ranking third. The totals for the percentage occurrence of food categories in Table 4 exceed 100% because more than one category of food was often (c. 40% of individuals) present in a single squid.
It was not possible to identifji to species level many of the organisms taken from the digestive tracts but the common species (identified more than 10 times) included two fish (Sardinops pilchardus and Leionura atun) and two crustaceans (Leptochela sydniensis Dakin & Colefax and Cirolana sp.) with unidentified isopods and amphipods also frequent. Two different kinds of cephalopod beak were found, one characteristic of the family Ommastrephidae, the other of the order Octopoda. Identification cannot be certain as it was not known if other families with characters very similar to those of the ommastrephids and octopods (C. C. Lu, personal communication) occurred in the study area. The ommastrephid species in the prey were separated on the morphology of their sucker rings. Although no doubt the great majority of cephalopod prey belonged to N. gouldi, much the commonest neritic squid in Bass Strait, some sucker rings found were like those of Todarodes Jilippovae Adam, and others could have come from the genera Rossia, Onychoteuthis, Brachioteuthis and Sepioteuthis or from the families Chiroteuthidae or Mastigoteuthidae (C. C. Lu, personal communication) .
The frequency of all the prey categories is listed in Table 5 . Fig. 8 shows that the proportion of the three main food categories was not the same in the different months (P<O.Ol).
The size of most prey taken could at best only be roughly estimated and appeared to be always smaller than the mantle length of the feeding animal. It was possible to be more precise when the food was cephalopod; the beaks often remained undamaged when the rest of the body was digested and are a good index of body size ( Fig. 7 ; also Clarke 1962) . Fig. 9 shows the relation between the rostra1 lengths of the prey and of the predators in which they were found. (Cephalopod prey other than N. gouldi have been excluded.) Extrapolating from the regression of Fig. 7 , the mantle lengths of the prey may be estimated as less than 50% of the mantle length of the squid that ate them.
Measures of Fullness
As already mentioned, the percentage ratio of gut weight to body weight (%GW/BW) was taken as the standard measure of gut fullness. When the gut was empty, this was about 3% ofbody weight but decreased slightly as the body weight increased (Fig. 10 ). Correlations were determined between this measure and the fullness indices alone or in combination. The best agreement of the indices was between %GW/BW and the caecum plus stomach (C+S) index (r = +O. 518, P<O.001).
The food was not weighed separately from the gut, but its weight can be inferred for each individual by subtracting from the total gut weight the estimated weight of the empty gut inferred from Fig. 10 . These weights, expressed for each animal as a percentage of its body weight, are shown in Table 6 and range from -3 to 24%. (The small negative values arise because of the variation in empty gut weights as indicated by the spread of points in Fig. 10 .) Table 6 also shows the agreement between the C+S index and this percentage ratio of estimated weight of gut contents to body weight, e.g. there were three individuals with a C+S index of 6 whose gut contents were estimated as 10% of their body weight. There is considerable scatter in the data but the mean value for maximum fullness (C+S = 8) agrees well with the statement of Wallace et al. (1 980) that the average meal of another ommastrephid squid, Illex illecebrosus, in their experimental study constituted 4.5% of the body weight; and Mercer and Paulmier's (1974) maximum of 13.8% of the body weight also agrees with our data if the single extreme value of 24% in Table 6 is excluded. Okutani Although the mean percentage food weight shows a good agreement with the fullness index, the standard deviations were large, showing that predicting the one from a single reading of the other cannot be done accurately. The reason for this was that there was considerable variation in the weight of the gut itself without food (Fig. lo) , ranging from 1 to 11% of the body weight (mean 3 . 3 , coefficient of variation 36%). Because of this uncertainty, we have reported both the C+S fullness index and the %GW/BW in giving our results and not relied on our estimates of the weight of the food. Fig. 11 shows that there were changes in the fullness of the squid at different times of day. The different measures of fullness show general agreement, with more food in the animals at night and dawn than at day or dusk. The ratio %GW/BW is least clearcut, probably because of the unexplained variation in the weight of the empty digestive tract.
Die1 Changes in Feeding
The pattern was slightly different in February and March but the differences may represent sampling errors. In March only, the catch rate for the machines was recorded. As Fig. 12 shows, there was a marked increase in the average catch rate per machine around sunset with a sharp drop in catch rate around dawn. The catch rate was highest during the night and lowest during the day. The changes in catch rate over 24 h were very similar to the changes in the three measures of feeding (Fig. 11) . - The mean fullness index for each part of the digestive tract was determined separately for day, dusk, night and dawn (Fig. 13) . The maximum possible score for the oesophagus and rectum indices was 2 each, and for the stomach and caecum 4 each. 
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for the oesophagus at all times presumably indicate that the food passes very quickly into the stomach. For both months, the mean fullness index of all other parts was lowest during the day and dusk periods with an increase at night and dawn. There was no apparent lag in the filling of the rectum. The mean values for each part shift by similar amounts as the time of day changes. Presumably the food moves through the gut with little delay in reaching the stomach, caecum and rectum. The percentage occurrence of the three major food categories among the feeding squid was found to be affected by the time of day (Fig. 14) . As can be seen, crustaceans and perhaps fish were more common in the food at night than in the day, and cephalopods were more common by day than at night. 
Sex Differences in Feeding
To see if there were sex differences in the pattern of feeding, the number of animals with the gut empty was determined for each sex. Of the 678 males 25.5% were empty and 28 7% of the 599 females had no food, but this difference was not significant (x2 = 1 .49, P> 0.05). Nor were there differences in the type of food of the two sexes after allowing for body size (see below). 
Body Size, Maturation and Food
There was a significant increase in the number of animals with the gut empty as body size increased for both males (trend* x2 = 21 .83, P<0.01) and females (trend x2 = 11 .80, P<O.01) (Figs 15 and 16a ). Fig. 16b shows an apparent trend for an increase in the number of empty squid as the maturation index increased from 1 to 4. This applied to both males (trend x2 = 17.60, P<O 01) and females (trend x2 = 1 1 .7 1, P<O. 01). However, because size and maturation are correlated it is necessary to examine whether both contribute significantly to the effect *Maxwell (1961) described a method of analysing contingency tables, which partitions the overall x2
for homogeneity into a part due to a systematic trend (d.f. = 1) and the remaining heterogeneity. In the case just mentioned for the male: Table 7 gives the correlation and partial correlation coefficients between the three variables. It shows that the partial correlation between size and maturation was almost the same as that for the normal correlation; there was still a significant negative partial correlation between size and feeding. But when the effect of size was excluded, the significant effect disappeared for maturation and feeding; in other words, the apparent correlation between maturation and feeding ( Fig. 16b ) was most probably due to the effect of the correlation between size and feeding. Not only does body size affect the likelihood of squid containing food, but it also affects the type of food (Fig. 15 ). There was a significant decrease in the number of animals containing crustaceans as the size increased (trend x2 = 27.69, P<O. 01). There was also an increase, more marked in the lower size classes, in the occurrence of cephalopods as the size increased (trend X2 = 4.53,O. 05 > P> 0.01). There was no significant trend for fish (trend x2 = 0.03, P>O. 05). Thus, whereas fish were equally common for all sizes, small squid took more crustaceans and large ones were more likely to eat other cephalopods.
Discussion
Statistically significant differences were found in the food collected from N. gouldi in different months (Fig. 8) . But before concluding that these represent seasonal changes, we should remember that the samples were collected in different areas in Bass Strait (Fig. 1) . In January, February and March, the samples were taken from much the same areas yet differences in the frequencies "f the three mairi food types -w-ere apliareiii. This is also true when correction is made for the size distributions of the samples taken in the three months and the preference of different-sized squids for different kinds of food (Fig. 15) . We may conclude that even in the same part of Bass Strait, the diet of N. gouldi changed during the early part of 1980, no doubt reflecting in part the availability of different foods. The occurrence of heteropods, which were only recorded in December, illustrates the opportunism of N. gouldi. The sampling area was different from other months (Fig. l) , and of the 15 samples collected over 9 days, 7 had squid that had eaten heteropods, each of these samples containing several such individuals. Area differences in diet have been reported for Todarodes pacificus (Okiyama 1965) and for Illex illecebrosus (Mercer and Paulmier 1974; .
Other ommastrephids seem to feed on a wide range of organisms (Okutani 1962; Okiyama 1965; Amaratunga 1980) . Nototodarus sloani from New Zealand is reported to take crustaceans (euphausids, amphipods and crab zoea), fish (myctophids and saury) and squid (Saito et al. 1974) . N. gouldi appears similarly catholic in diet. The fish that occurred most commonly in the diet in Bass Strait were two abundant species, Sardinops pilchardus and Leionura atun. According to Winstanley (1979) summarizing earlier work, the pilchard, Sardinops pilchardus, occurs in Bass Strait in spring, summer and autumn at least, perhaps all the year round, but in Victorian waters spawning and shoaling at the surface are restricted to shallow, inshore waters. The barracouta, Leionura atun, usually inhabits the middle layer of water (Blackburn and Gartner 1954) but both large and small specimens were observed feeding at night in the surface waters illuminated by the fishing lights. March was the month when the barracouta was identified most commonly in the squids' diet. Over the period November to March, Grant et al. (1978) reported that the species grows from about 40 to 170 mm, well within the size accessible to N. gouldi. Not only are barracouta sometimes the prey of squid, they may also be their predators. Large specimens were observed chasing squid in surface waters at night.
Leptochela sydniensis and Cirolana sp. were the two crustaceans most commonly identified in the diet of N. gouldi. They and most of the other crustaceans identified are semibenthic, only leaving the safety of the bottom benthos to move into the water at night (G. Poore, personal communication). Some were caught on the surface with a dip net. In agreement with this die1 pattern, the frequency of occurrence of crustaceans in the diet of the squid increased from about 10% in the day to over 50% at night (Fig. 14) .
N. gouldi also preyed on its own species, and less often on other cephalopods. Several authors have suggested that the extent of apparent 'cannibalism' in Illex illecebrosus may be exaggerated in samples collected by trawling since 'captured squid attack anything with which they come in contact' Ennis and Collins 1979) . It seemed possible that the same might apply to N. gouldi caught by jigging because the excited squid lying in the collecting trays and bins may survive up to 30 min. However, though they sometimes attacked each other they were not seen to ingest anything. This was confirmed by the experiment on the samples collected in February and March, which were removed and frozen directly they were caught. The percentage frequencies of squid in the diet of those animals that contained food were 1 1 . 8 and 4 . 7 for February and March, respectively, a similar range to other months when this precaution was not taken (19.2, November; 3.5, December; 1 1 .7, January; 6.1, April). We may conclude that cannibalism after capture is unimportant for N. gouldi captured by jig.
On the basis of seasonal trends in the frequency of empty stomachs, and the proportion of squid in the diet of Illex illecebrosus, Ennis and Collins (1 979) suggested that cannibalism is encouraged by a shortage of alternative food. In experimental studies in the laboratory, O'Dor et al. (1980) mention that cannibalism was observed but only when food had not been provided for several days. Amaratunga (1980) suggests that, besides availability, the 'conversion efficiency' may make cephalopods a more favoured food than fish. Our data GI? .M god& de fie? eEer any ssppsrt fer the idea ?ha? squid are favmired because f~o d is short. When we compared for each sample collected the proportion of squid recorded with empty stomachs (fullness index = 0) with the proportion of those that had some food that contained squid, the correlation was non-significant (r = 0,190, n = 82).
There are no descriptions of the way N. gouldi attacks prey but it probably bites up most items into small pieces, ingesting only certain parts, as described for other species (Bidder 1950; Squires 1966; O'Dor et al. 1980; Boletzky 1983) . Once the prey is in the stomach and partly digested, it is thus virtually impossible to estimate how many individual items of a given species were involved in the meal. Since time was not available in this study to sort the contents of the digestive tracts and measure the volume (or weights) of different types of food, we relied on the frequency-of-occurrence method to compare the relative importance of different food types in the diet. Most other workers on the diet of squid have done the same.
An important limitation of this method is that no allowance is made for the fact that identifiable traces of some prey (e.g. fish otoliths, squid beaks) may remain longer in the digestive tract than others. Fortunately, in our study, only a few such hard, indigestible parts were found in any single animal, suggesting that any hard parts that remain after one meal are passed out with the undigested remains of the next.
Of the squid examined, 11.5% had food that could not be identified even to the categories fish, cephalopod or crustacean. If the relative frequency of the different categories was the same in this unidentified material as in the identified material, then the information available would provide a correct picture for the frequency of the different categories. But even if all the unidentifiable food happened to be of one type-an even more unlikely assumption-say fish, then the percentage of fish in the diet would only increase by approximately 10. Thus, the existence of unidentified prey probably does not greatly distort the overall picture.
Using the frequency-of-occurrence method and combining all the data, the relative amounts of the food categories fish, crustacean and cephalopod were in the ratio 55: 52: 39, respectively, (Table 4) or, in percentage terms, 37: 35: 26 of the diet taken as 100%. However, it was noted that cephalopods and fish when present comprised a greater volume of material than crustaceans when present, so that their contribution to the diet in terms of biomass must certainly put fish considerably in the lead. Whether cephalopods or crustaceans are of next importance cannot yet be decided. For Todarodes pacificus, Okutani (1 962) reports values that correspond to a percentage of fish:crustaceans:cephalopods in the diet of 76: 13: 11 when estimated by frequency, but in terms of biomass the ratio is 86:9:5.
In any case, such 'average' values can be misleading because of the month-to-month changes in diet, and the differences for squid of different sizes. As mentioned, squid were more common in the diet of larger animals and crustaceans were more common in the diet of smaller ones; fish were represented about equally at all sizes sampled (Fig. 15) . A similar bias favouring crustaceans in the diet of smaller squid and/or favouring squid in the diet of larger animals has been reported for a number of other species (Squires 1957; Fields 1965; Hamabe and Shimizu 1966; Tung 1976; Ennis and Collins 1979; Amaratunga 1980; Boletzky 1983) .
The preponderance of crustaceans in the diet of smaller squid can easily be understood because the average size of these prey is likely to be smaller than the alternatives (squid and fish), and smaller predators will generally take smaller prey. For larger animals, it will generally be more cost-effective to attack larger prey (Schoener 1971) . It is less obvious why larger squid should increase the proportion of squid to fish in their diet.
For any particular type of prey, size relative to that of the predator is certainly important. O' Dor et al. (1980) describe experiments with the fish Clupea harengus L. as prey of Illex illecebrosus, showing that fish were captured up to a length roughly equal to the mantle length of the squid. Reviewing a range of experiments with cuttlefish, Boletzky (1983) says that 'as a general rule the total length of a fish or prawn should not be much greater than the total length of the cuttlefish; the carapace width of a crab should correspond to not more than one half of the dorsal mantle length . . . There is no definite lower size limit for prey.'. For the squid Sepioteuthis sepioidea, LaRoe (1971) found that 'each of the foods found was only suitable for a definite size range. The squid would not attack prey that were too large or too small.'. The relation between the size of predator and prey could be demonstrated very clearly in the present study because the beak size of the squid prey was measured as well as that of the predator. Fig. 9 shows no evidence for a lower limit of prey size taken, but there is clearly an upper limit, the mantle length of the prey seldom exceeding half that of the predator. It is probably no accident that in the few cases where the beak size indicated relatively larger prey, the beaks were mostly broken (B, Fig. 9 ), implying a more elaborate handling process than for the smaller ones.
From the way they approach and attack prey, cuttlefish and probably squid appear to use vision when feeding (Messenger 1968 (Messenger , 1977 Bradbury and Aldrich 1969; Hurley 1976; Boletzky, personal communication) . It is, therefore, perhaps surprising that several species appear to feed mainly at night, as attested by the nocturnal squid jigging industry. Our data for N. gouldi indicate abrupt changes in catchability at sunrise and sunset (Fig. 12) and information on the amount of food in the gut confirms the same general pattern (Fig. 11) . (We may discount the measure %GW/BW, the unreliability of which has been already discussed.) The amount of food in the gut clearly increases at dusk or later, remaining high till dawn. Although the digestion time of N. gouldi is not known, the passage of the food from the stomach to the rectum is rapid (Fig. 13) , and by the sampling period in the daytime the amount of food in the digestive tract had substantially decreased. Boucher-Rodoni (1975) found for Illex illecebrosus that at temperatures of 8-13°C about three-quarters of a meal was digested within 6 h.
As regards other squid, the peak feeding time for Symplectoteuthis oualaniensis (Lesson) is early night with a minimum stomach volume before dawn (Tung 1976) . For Todarodes pacificus, Okiyama (1965) correlated the increased number of feeding to non-feeding animals with sunset and the arrival of the deep scattering layer at the surface waters. A different pattern was reported by for Illex illecebrosus where the percentage of squid with something in the stomach was greatest during daylight hours and peaked a few hours before sunset. It may be noted that in that study, Illex illecebrosus were sampled by trawling rather than by jigging.
Okiyama's finding draws attention to the likelihood that the vertical migration of cephalopods may well be related to feeding. Reviewing the evidence at the time, Roper and Young (1975) concluded that ommastrephids showed a variety of vertical migration patterns, some species showing substantial movements, others only slight ones (see also Clarke and Lu 1975; Lu and Clarke 1975) . Nototodarus hawaiensis (Berry) is a species that spends much time close to the bottom but approaches the surface nightly through much of the year. According to the fishing master of the Hoya Maru, echo-sounder traces indicated that N. gouldi do the same. Bass Strait is shallow, less than 100 m over much of its area, and the squid remain close to the bottom (and therefore further from the jigs) by day and move up at night. As already mentioned, a number of crustaceans in the diet are mostly benthic and are thought to move into the water column at night. It is just at this time that the frequency of crustaceans in the food increases (Fig. 14) . The lights used by the fishing boats when jigging probably distort the distribution of the squid to some extent though it is difficult to assess the importance of this factor. The lights probably attract animals from a wide area and possibly draw them closer to the surface. At night, some N. gouldi come right to the surface in the illuminated water. D.O.S. observed animals chasing and sometimes catching fish there. Ogura (1983) also reports that Todarodes pacificus are attracted to a hooked squid and two or three may follow one up to the surface. But most animals probably remain well below the surface, even at night. Maeda and Aso (1974) reported the catch rate of T. pacificus at night for the different jigs in the series from the deepest to those closest to the surface. From the ncn-!ice% re!z?ien between catch rate and depth, it would appear that the number of catchable squid increased with depth at least down to 20 m.
In certain cephalopods, animals approaching spawning reduce their feeding activity or stop completely [e.g. Octopus vulgaris Lamarck (O'Dor and Wells 1978; Wodinsky 1978) and Loligo opalescens Berry (Fields 1965) l. In ommastrephids, the situation seems less clear as spawning is much less well known. O'Dor et al. (1 980) found that in the laboratory, females of Illex illecebrosus ceased to feed as their ovaries developed, and at the same time the digestive system appeared to become greatly reduced. Nothing was said of the males. Furthermore, starvation induced experimentally in females of this species is reported to promote the growth of gonads and nidamental glands (Rowe and Mangold 1975) . As maturity is associated with size, one might therefore expect that field data would indicate that large animals were more likely to contain less food. Squires (1957) found some relation between size and the percentage of animals empty but it was not consistent, whereas Amaratunga et al. (1 979) found the reverse trend, though only weakly, with larger animals more often one-half full of food than smaller ones. In N, gouldi, we found there was a tendency for more mature squid of both sexes to be empty more often than immature animals, with no significant difference between the sexes (Fig. 16) . But, as discussed earlier, this appears to be associated more closely with size rather than their maturation, though the two are closely associated (Table 7) .
Two suggestions may be proposed for why larger animals should more often be empty. Since size is linked with maturation, it may be that in a semelparous species, as most cephalopods are thought to be, all resources are increasingly directed, as spawning approaches, into reproduction rather than into obtaining food. This is presumably the explanation in Octopus vulgaris in which the gonads may physically constrict the filling of the stomach as they enlarge (O'Dor and Wells 1978) . But the experiments of Rowe and Mangold (1975) indicate that it is unlikely that this is a purely passive process. Alternatively, it may reflect larger size and the decreasing metabolic costs this entails (Schmidt-Nielsen 1975) . Comparing squid towards either end of the range represented in Fig. 15 , a large animal of 350 mm ML weighs about 46 times as much as a small one of 100 mm ML. Corresponding to this size difference, the metabolic rate per gram of body weight of the larger animal would be only about 38% that of the smaller (assuming the value of 0.75 for the slope relating log of metabolic rate to log of weight; Schmidt-Nielsen 1975) . If the meal sizes of squid are proportional to their weights, this implies, other things being equal, that the larger squid need to feed, on average, only 38% as often as the smaller ones. It is not known how the digestion time for larger squid compares with that for smaller ones (Boucher-Rodoni 1975) but a change of the magnitude indicated in Fig. 15 from 10% of the time empty to 40% would seem possible.
A discrepancy exists between the data presented here for the allometric relation between mantle length and weight and that found by Harrison (1983) and Smith (1983) for the same species. Harrison and Smith both found that the exponent of the relation, k, was larger for the males than for the females, and Smith showed that the difference was highly significant: Harrison-d 3.1658 Harrison-d 3. ,O 3.1073 Smith-d 3.2128, 9 2.869. In our study, based on fewer animals, there were small differences in monthly samples, only once marginally significant, with the exponent sometimes larger for the female, sometimes for the male. Overall, there was no significant difference between the sexes (8 3.099, 9 3.079). Without adequate statistical examination, it seems premature to infer that there are or are not population differences in the weight-mantle-length relation, such as Lange and Johnson (1981) report in other species.
Little conclusive evidence was provided in the study about the timing of spawning in Bass Strait in 1979 Strait in -1980 . Over the whole sampling period from November to April, those females with a mantle length above 300 mm maintained a uniformly high maturation index (Table 3) , the greatest percentage of females with large nidamental glands occurring in December and January. As already mentioned, it was during December that large, mature females were most frequently collected. January was the month when the larger females (and males) faded out of the samples (Fig. 5) , as if dying after spawning or moving elsewhere to spawn. Possibly, therefore, December-January was the peak spawning period in the year but spawning may well have extended over several months.
In March, but at no other time between November and April, a new cohort of young squid with a mantle length under 120 mm appeared in the samples (Fig. 5) . We do not know when they would have been spawned, but S. Boletzky (personal communication) has estimated that it would probably take at least 3 or 4 months from spawning until N. gouldi are large enough to be caught by jigging.
On the basis of the time that new cohorts appear in the fishery, Harrison (1983) has reported that the timing of spawning differs slightly in different parts of Bass Strait and neighbouring Tasmanian waters and that in some years it appeared to be more concentrated than others; he also failed to find any clearly defined spawning period in 1979-1980. However, the spawning grounds have not yet been located and early larval stages are hardly known.
